
























































Aquest( projecte( final( de( carrera( té( com( a( principal( objectiu( l’obtenció( de( les( dades( sobre( l’ús( del(






















Actualment,( les( companyies( de( transport( públic( poden( arribar( a( saber( quin( metro( agafen( els( seus(
usuaris(a(partir(de(la(parada(on(s’ha(validat(el(billet.(A(l’autobús,(a(partir(de(la(unió(de(les(dades(del(GPS(
de(l’autobús(i(el(moment(en(que(es(valida(el(tiquet(també(ho(poden(saber.(Així(i(tot,(com(aquestes(dades(







Així( i( tot,(el(problema(dels(autobusos(existeix(en(els(dos( tipus(de(models,(encara(que(a(Corea(ho(han(
solucionat(obligant(també(a(validar(el(tiquet(quan(surts(de(l’autobús.(
(
Les( empreses( de( transport( de(Barcelona,( per( exemple,( solucionen( el( problema(de( saber( quines( rutes(
d’autobús( agafen( els( seus( usuaris( fent( enquestes( a( la( gent( que( està( viatjant.( Gràcies( a( la( realització(
d’aquestes,(poden(arribar(a(extrapolar(d’un(subconjunt(de(viatgers(a( la(totalitat.(Aquest(sistema(té( les(
seves( limitacions,( com( ara( no( poder( disposar( d’aquesta( informació( en( temps( real( o( que( els( usuaris(
prefereixin(viatjar(sense(molèsties(abans(de(contestar(les(preguntes.(
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existeixen( aplicacions( que( aconsegueixen( mantenir( l’atenció( dels( seus( usuaris( durant( molt( temps.( I,(







privat,( cap( aplicada( en( el( transport( públic.( Altres( com( Open( Street( Maps( ( generen( una( base( de(
coneixement(de(lliure(accés(a(partir((del(coneixement(que(té(cada(persona(sobre(l’àrea(geogràfica(on(es(





























el( 100%( de( les( línies( convencionals( de(metro( també( tenen( cobertura4.( L’escenari( és( ideal( per( enviar(
dades(generades(a(partir(dels(dispositius(mòbils(en(qualsevol(punt(del(transport(públic.(
(








sobre( terra,( podríem( aproximar( la( posició( en( què( es( troba( l’usuari.( Durant( aquest( projecte( s’haurà(
d’analitzar(la(distribució(d’antenes(en(el(metro(de(Barcelona,(ja(que(no(és(públic,(per(saber(si(l’A;GPS(ens(















Per( altra( banda,( s’ha( d’aconseguir( una( suficient( massa( crítica( per( poder( utilitzar( aquetes( dades( per(

















































que( hi( ha( en( el( mercat( per( solucionar( problemes( de( diferents( categories,( mirarem( quin( tipus( de(
tecnologia(existeixen(que(ens(puguin(servir(per(aconseguir(els(nostres(objectius.(
(
Així( com( s’ha( fet( amb( les( aplicacions,( també( estudiarem( les( tecnologies( per( categories( i( després(




una( aplicació( que( contingui( tota( la( informació,( el( motor( i( la( vista;( o( només( tingui( la( vista.( Després(
analitzarem(en( concret( les( diferents( eines( que( tenim(per( fer( jocs( en( dispositius(mòbils,( amb( els( seus(
punts( forts( i( dèbils.( Posteriorment( analitzarem( les( diferents( tecnologies( per( fer( aplicacions( socials,(
maneres( que( tenim(per( la( identificació( dels( usuaris( i( en( quins( casos( ens( poden( ser( útils,( com(podem(
realitzar(comunicació(entre(usuaris,( sistemes(multijugadors( i( les(APIs(que( tenim(de( terceres(persones.(
Després(passarem(a(veure(les(diferents(tecnologies(que(ens(serveixen(en(el(GIS,(quins(mapes(podem(fer(
servir(i(com(realitzem(el(tracking(dels(diferents(dispositius.(Finalment,(analitzarem(les(diferents(maneres(










La( solució( proposada( en( aquest( projecte( per( oferir( un( incentiu( als( viatgers( que( utilitzen( el( transport(
públic( de( Barcelona( és( un( joc( multijugador( online,( de( tal( manera( que( tots( els( dispositius( quedin(
sincronitzats(i(puguin(jugar(contra(la(resta(d’usuaris.(Per(realitzar(això(s’ha(plantejat(una(aplicació(client(




















nostre(sistema( ja(podem(definir( les( tecnologies(que(utilitzarem.(En(el(nostre(cas,( la(principal(eina(que(
necessitem( és( un( dispositiu(mòbil( amb( GPS( que( pugui( enviar( les( dades(mitjançant( la( connectivitat( a(
Internet( cap( a( un( servidor( per( al( posterior( anàlisi.( S’ha( vist( que( hi( ha( varies( alternatives,( les( millors(
opcions(en(quan(a( capturar( les(dades(del(GPS(del(dispositiu,( com(s’analitza(en( l’estat(de( l’art,( són( les(
aplicacions(natives(i,(per(tant,(són(les(més(adients(a(l’hora(de(crear(l’aplicació.(
(
La( part( més( complexa( tècnicament( ( és( la( implementació( del( joc,( ja( que( s’ha( optat( ( per( un( joc(
multijugador( online,( que( ha( de( sincronitzar( totes( les( partides( que( s’estan( jugant( en( temps( real.( Així(
doncs,(aquest(serà(l’autèntic(repte(tecnològic.(
(













banda,(el( tipus(de(dades(que(es(guarden(són(de(tipus(documental( i,(per( tant,(una(base(de(dades(com(


















El(desenvolupament(de( l’aplicació(mòbil( comença(amb(un( sistema(que(permet( capturar( les(dades(del(
GPS(del(dispositiu(mòbil(en(temps(real( i(enviar;les(al(servidor(de(Data(Mining.(Aquest(component(està(
completament( desacoblat( del( joc( i( pot( ser( utilitzat( en( qualsevol( aplicació( que( estigui( basada( en( la(
mateixa(tecnologia(i(que(tingui(aquestes(necessitats.(
(




La( primera( versió( d’aquesta( aplicació( disposava( d’un( mapa( per( veure( on( et( localitzava( el( programa(





sobre( terra( funciona( molt( bé,( però( que( amb( metro,( un( cop( sota( terra,( la( senyal( envia( dades( amb(
anomalies( pronunciades,( per( exemple(quan(entra( en(una( estació( que( té( repetidors( d’antena( fins( una(
altra(i(la(senyal(GPS(ens(situa(a(l’altra(i(no(a(la(que(toca.(
(
En( aquest( punt( del( projecte( va( ser( on( es( van( realitzar( les( proves( sota( el( metro,( qual( cosa( ens( va(
confirmar(de(que(no(existiria(una(sortida(cap(a(la(superfície(per(parada,(sinó(que(moltes(compartien(la(
mateixa( antena( mitjançant( repetidors.( Com( s’ha( explicat( abans( en( aquest( document,( els( dispositius(
mòbils( utilitzats( en( la( solució( disposen(d’un( sistema(GPS( anomenat(A;GPS( (Assisted(GPS),( el( qual( ens(
permet(obtenir(una(posició(geoposicionada(a( llocs(on( realment(no(existeix( cobertura(dels( satèlolits(de(
geoposicionament.( En( aquests( casos,( on( la( senyal( l’agafa( de( les( antenes,( és( necessari( disposar( de(
suficients(punts(de(sortida(per(obtenir(una(triangulació(suficient,(cosa(que(en(el(metro(de(Barcelona(no(




El( Track( Hunter( és( una( aplicació( que( utilitza( el( sistema( de( captura( de( dades( creat( anteriorment.( En(
aquesta(aplicació(es(va(treure(el(mapa(i(els(sliders(amb(que(s’havien(fet(les(primeres(proves(i(es(va(crear(
una(base(de(dades(en(XML,(a(partir(de(l’API(de(Barcelona,(dels(diferents(transports(públics((Metro,(FGC,(
Tram( i(Renfe)(que(disposaven(de(parades(que(poguessin(anar(sota( terra.(Després(es(van( implementar(
unes(barres(de( selecció(per(permetre( a( l’usuari( indicar( a(quin( transport( públic( es( trobava,( quina( línia(

































que,( al( mateix( temps,( van( servir( per( generar( una( segona( ronda( de( solucions( a( partir( de( les( inicials.(
Aquest(procés(es(va(repetir(3(cops(més(fins(acabar(amb(una(paret(sencera(plena(de(post;its(amb(idees.(























Les( persones( que( estiguin( jugant( entraran( en( un(espai( on( el( sistema( llançarà( una( pregunta( a( tots( als(










Les( preguntes( seran( multitemàtiques( i( amb( quatre( respostes.( A( mesura( que( l’usuari( va( aconseguint(
objectius( guanya( tant( recompenses( que( seran( ensenyades( en( el( seu( espai( per( trofeus( i/o( habilitats(


















































































tenim( la(majoria( no( ha( passat( de( les( 4( preguntes( seguides( contestades( correctament.( Per( tant,( s’ha(






























































un( arxiu( que( després( s’importava( en( el( MongoDB.( Per( cada( pregunta( finalment( teníem( la( següent(
sortida:(
(
{"id":) "347","question":"Â¿En) qué) ciudad) está) el) Altar) de) Pérgamo?","answer":)



































La( classe( pregunta( està(modelitzada( a( partir( de( la( font( de( preguntes( que( s’ha( trobat( per( realitzar( el(
sistema.( S’ha( afegit( la( possibilitat( de( que( una( pregunta( tingui( nivell( o( idioma,( per( les( possibles(































































Un(cop(acabada( la(configuració(de(tots(els(serveis( i(posada(a(punt( la(base(de(dades(de(preguntes(s’ha(
procedit( a( convertir( els( casos( d’ús( del( servidor( en( una( API( que( serveixi( per( gestionar( les( diferents(




Aquesta(API(ha(estat(construïda(utilitzant(Restify,(un( framework(que( funciona(sobre(Node.js,(el( servei(
triat(per(la(gestió(en(temps(real(de(les(dades(rebudes(en(temps(real.(
(






Descripció:( ( Aquesta( petició( GET( retorna( un( JSON( amb( les( dades( de( la( pròxima( pregunta( pel( joc:( el(
contingut(de( la(pregunta( i(el( temps(que(ha(d’esperar(el(dispositiu(per(anar(a(buscar( la(pròxima((wait).(

















































Descripció:( ( Aquesta( petició( POST( és( la( que( s’utilitza( per( enviar( la( puntuació( calculada( pel(















Descripció:( Aquesta( petició( GET( retorna( un( JSON( amb( les( dades( de( l’usuari( consultat( passant( l’ID.(


















































Descripció:( (Aquest(POST( serveix(per( crear(un(nou(usuari.( Primer(de( tot(es( comproven(que( les(dades(
rebudes( siguin( correctes,( en( el( cas( de( que( ho( siguin( es( comprova( que( no( existeixi( cap( usuari( amb(






































































































































Així( doncs,( es( van( agafar( les( parts( importants( l’aplicació( de( captura( de( geoposició( com( la( captura( de(











Després( de( crear( l’esquelet( de( l’aplicació( i( integrar( el(mòdul( de( captura( de( geoposició( en( ella,( es( va(






















2. L’aplicació( rep( la( primera( pregunta( i( passa( a( l’estat( showNext,( on( s’espera( el( temps( restant(
marcat(per(servidor((sincronització(de(rellotges).(
3. S’ensenya(la(pregunta(i(s’activa(un(triger(que(en(15(segons(passi(a(l’estat(endQuestion.(
4. Opcional:( l’usuari(respon( la(pregunta,(passa(a( l’estat(answerQuestion(on(s’envien( les(dades(al(
servidor.(
5. Opcional:( a( continuació,( passa( a( l’estat( showInformation,( on( l’usuari( rep( les( preguntes( de( la(







8. Durant( el( temps( que( queda( per( acabar( els( 30( segons( (marcat( pel( servidor)( s’està( a( l’estat(
showNext.(














fet( provocava( un( error( que( feia( saltar( a( la( pròxima( pregunta( abans( d’hora( i,( per( tant,( tot( el( procés(
quedava( inestable.( La( solució( va( ser( implementar( sistemes( de( verificació( de( dades( a( l’API( (filtres( per(
verificar(les(dades(entrants),(per(evitar(aquest(problema(i,(així,(estabilitzar(el(joc.(
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4. Solucionar( el( problema( de( la( foto( de( perfil,( d’aquesta( manera( ens( la( donaven( a( partir( de(
Facebook(i(no(l’havien(de(pujar(a(partir(de(l’aplicació.(
5. És( un( OAuth2.0( Provider,( el( que( permet( utilitzar( un( sistema( d’identificació( segur( de( manera(
externa.(









Un(dels(problemes(d’aquesta( implementació(va(venir(a( l’hora(de(pujar;la(a( l’App(Store.(Per(polítiques(
d’Apple,(qualsevol(aplicació(que(només(utilitzi(un(sistema(de(tercer(per(identificar(usuaris,(no(és(vàlida(














Després,( totes( aquestes( dades( es( van( ajuntar( amb( les( generades( pel( joc( com(puntuacions,( preguntes(
seguides( contestades( correctament( o( preguntes( totals( contestades( bé.( A( partir( d’aquí( van( poder;se(





pantalla( de( novetats( just( al( iniciar( l’aplicació( com( usuari( identificat.( Les( notificacions( poden( ser( de(










si( algú( té( accés( a( aquestes( dades( poder( arribar( a( saber( el( comportament( que( té( una( persona( física( i(








bases(de(dades(diferents( totalment(diferenciades.( En(una(es( guardaven( les(dades(del( joc( amb( tota( la(
informació( corresponent( a( la( persona( física,( com( ara( nom,( Facebook( ID( i( Ciutat( on( viu,( utilitzant(
facebook((la(del(joc)(i(en(l’altra(es(guardaven(les(dades(de(geoposicionament(identificades(per(una(clau(


















































el( número( de( jugadors( actius,( el( temps( que( quedava( per( canviar( de( pregunta( i( el( percentatge( de(
persones(que(ha(contestat(cada(una(de(les(respostes.(
(
Un(cop(detectat(això,(es(va(decidir(que(el( temps(de( resposta(s’actualitzaria(cada(segon,( les(preguntes(
























Finalment,( tenim(dos( investigadors(de( la(UPC,( la(Karina(Gibert( i( el(Ramon(Sangüesa,(que(ens(han(donat( la( seva(
supervisió(i(suport(en(el(projecte(durant(12h(en(total,(a(50€/h.(
(










Investigadors)BDigital( 96( 30( 2( 5760(
















anteriorment,(per(evitar(haver(de( requerir(una( llicència(de(LOPD(de(nivell(alt( s’han(separat(els( sistemes.(També(
necessitem(una(màquina(que(realitzi(el(Data(Mining(en(temps(real(i(enregistri(les(dades(tractades(per(ser(servides(
posteriorment.( Per( altra( banda,( com( ens( interessava( tenir( un( sistema( de( monitorització( i( la( pàgina( web(
promocionals,(es(va(optar(per(agafar(una(màquina(que(ajuntés(aquests(dos(serveis.(Finalment,(per(part(de(BDigital(
s’estava(muntant( un( sistema(de( recomanació( de( rutes,( que( va( ser( inclòs( en( el( projecte( i,( per( tant,( es( va( llogar(
també(una(màquina(per(aquests(processos.(
(
Per( evitar( haver( de( redimensionar( al( cap( de( poc( de( sortir( a( producció,( les(màquines( que( es( van( agafar( poden(
aguantar( una( gran( quantitat( de( tràfic,( totes( disposen( d’un( i5( amb( 16GB( de( RAM.( L’empresa( on( han( estat(






Servidors( 6( 50( 5( 1500(
(
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Investigadors)BDigital( 96( 30( 2( 5760(




























































de( la( ciutats( a( passar( a( utilitzant( els( ciutadans( com( a( sensors.( Aquests( usuaris( compten( amb( GPS( i(




El( resultat( final( ha( estat( una( aplicació( client( –( servidor( que( permet( als( usuaris( del( transport( públic(




vist( que( dins( el( metro( de( Barcelona( no( existeixen( suficients( punts( de( sortida( a( l’exterior( en( forma(
d’antena( i,( per( tant,( no(hi( ha( suficient( precisió( de(manera( automàtica( en( el( subsòl( de(Barcelona.( Per(
solucionar( aquest( nou( problema( es( va( fer( una( aplicació( que( hem( anomenat( Track( Hunter( que( ens(
permet( crear( una( base( de( coneixement( fiable( demanant( als( usuaris( que( l’utilitzen( per( entrenar( el(
sistema(a(quina(parada(es(troben(en(cada(moment,(a(part(de(capturar(les(dades(del(GPS.(
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Algunes(de( les( línies(de( treball( que(es(proposen( són( funcionalitats(que(al( principi( s’havien(pensat(pel(















temps( en(dissenyar( tots( els( icones( i( implementar( la(manera(d’aconseguir;los.( Es( va( preferir( tenir( una(
aplicació( més( robusta( i( realitzar( això( com( una( ampliació( que( posar;ho( en( el( projecte( original( d’una(
manera(reduïda.((
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Actualment( totes( les( preguntes( provenen( d’una(mateixa( font( que( no( disposava( de( nivells.( Igualment(
s’ha(preparat(la(base(de(preguntes(per(acceptar(nivells,(el(que(falten(noves(fonts(amb(preguntes(d’una(
dificultat( diferent( i( el( sistema( que( ho( gestioni( dins( l’aplicació.( Per( tant,( una( altra( ampliació( seria( la(
implementació(del(sistema(de(nivells(dins(l’aplicació.(
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Per( acabar,( es( podria( millorar( la( implementació( del( joc( afegint( noves( funcionalitats( com( habilitats( o(
objectes( que( augmentessin( el( grau(de( jugabilitat( i( diversió( del( joc.( En( una(primera( fase( el( joc( resulta(
divertit( i(aconsegueix(el( seu(propòsit,(però(quan(han(passat(unes(setmanes( la( falta(d’alolicients( fa(que(










que( ens( permet( analitzar( les( dades( recollides( per( aquest( projecte.( Per( tant,( sense( aquesta( part,( les(
dades(que(s’obtenen(en(temps(real(de(l’usuari(podrien(arribar(a(quedar(en(desús.(Per(això,(en(apartats(



























sobre( l’entorn( urbà,( com( les( provinents( de( sensors,( portals( d’Open( Data( o(mitjans( socials.( El( telèfon(
mòbil( és( el( punt( central( de( la( visió( d’aquests( sistemes,( eina( polivalent( i( interfície( principal( entre( les(
persones(i(el(món(digital.(
(














un( servei,( procés( o( activitat( que( en( un( principi( no( tindria( res( a( veure( amb( una( activitat( lúdica.( Per(
exemple,(en(l’estat(de(l’art(s’han(vist(persones(com(la(Jane(McGonigal(utilitzant(aquesta(tècnica(amb(èxit(
per(fer(estudis(sociològics.(En(el(nostre(cas,(un(cop(tinguem(l’eina(que(ens(permeti(capturar( les(dades(








Per( altra( banda,( en( el( nostre( projecte( utilitzem( les( dades( que( els( nostres( usuaris( ens( comparteixen(
enlloc(d’anar(a(demanar(nosaltres(explícitament(a( cada(una(de( les(persones(que(utilitzen(el( transport(
públic(directament.(Aquesta(pràctica(és(coneguda(com(a(crowdsourcing.(
(
El( terme(crowdsourcing( també(ve(de( l’anglès,( i( fa( referència(a( la(utilització(del( coneixement(que( té( la(
multitut( per( solucionar( un( problema( proposat.( Com( s’ha( vist( a( l’estat( de( l’art,( cada( cop( són(més( les(















Les(categories(escollides(són:( les(aplicacions(de(transport,(GIS( (Geographic( Information(System)(social,(




tenim.( Els( jocs( (gràcies( al( seu( alt( grau( d’addicció)( ens( poden( ajudar( a( suplir( un( dels( problemes( que(
teníem,( per( tant( analitzarem( que( ens( pot( ajudar( fent( servir( aquests( per( trobar( una( bona( solució.(





















ens( va(millor( el( metro( o( el( tren,( a( quina( hora( hem( de( sortir( de( casa( per( arribar( puntuals( al( lloc( de(


























































































































(Radio( Frequency( IDentification),( permet( guardar( informació( sobre( les( parades( d’origen( i( destí( dels(
usuaris,( la( qual( cosa(permet( saber(on( comença( i( on( acaba(un( viatge( (i( cobrar( una( tarifa( o(una( altra).(
Aquesta( aplicació( pel( metro( de( Londres( permet( fer( més( divertits( els( viatges.( Relacionem( el( nostre(






























































































El( professor( Currie( manté( primera( càtedra( d'Austràlia( en( el( transport( públic,( on( investiga( i(
imparteix(formació(en(la(planificació(del(transport(públic.(Té(més(de(30(anys(d'experiència(com(a(







públic( per( a( esdeveniments( especials.( Ell( va( desenvolupar( el( pla( de( transport( públic( pel( Gran(
































Per( la(manera(en(com(han( innovat(en( l’ús(d’un(servei(que(te(molts(anys(al(darrera.(Com(han(









Google(és(una(de( les(empreses(que(més(ha( innovat(en(el(món(del( transport( i(dels(mapes.(Va(






Google( ens( resulta( interessant( per( la( seva( capacitat( d’innovació.( Els( serveis( sobre( transport(


























Ens(resulta( interessant(per( la( recollida(de(dades(que(els(permet( fer(aquest(sistema.(En(ciutats(
com(Barcelona(no(es(pot(arribar(a(saber(quin(recorregut(fan(els(usuaris(del(servei,(les(dades(son(

















autobús( comparant( les( dades( del( GPS( de( l’usuari( amb( les( dades( de( l’autobus( que( es( vol(














Encara(que( l’empresa(BMW(estigui(més(enfocada(a( transport(privat(que(públic( s’ha( interessat(
molt( en( el( tema( dels( serveis( de( la( ciutat.( Cosa( que( permet( als( usuaris( de( qualsevol( tipus( de(




És(una(companyia( interessant(pel( fet(de(que(ha(aconseguit( reunir( la( informació(dels(diferents(






























































La(part(més( interessant(és( com( fan(ús(de( les( xarxes( socials(per( recollir( la( informació( i( la( seva(
mineria(de(dades(que(permet(preveure(el(que(passarà(per(evitar;ho.(Si(ajuntem(això(al(transport(
públic( i( es( pogués( avisar( a( les( persones( que( volen( viatjar( que( la( ruta( que( volen( agafar( amb(



























El( món( de( les( aplicacions( GIS( ha( fet( un( gir( important( al( tenir( en( un( mateix( dispositiu( GPS,( mapes( i(
connexió( a( la( xarxa.( Ha( permès( crear( aplicacions( de( cara( als( usuaris( finals( i( no( només( cap( a( les(
organitzacions.(
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millor( puntuats,( pels( usuaris,( que( estiguin( a( un( radi( d’on( estàs( tu.( A( part,( si( ets( la( persona( que(més(
check;in(ha(fet(en(un(lloc,(seràs(l’alcalde.(
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Això( fa( que( puguis( recomanar( llocs( als( teus( amics( per( anar( a( passar( l’estona,( que( es( creïn( converses(
























L’objectiu( d’aquesta( aplicació( és( aturar( una( invasió( alienígena.( Es( pot( jugar( en( solitari( o( quedar( amb(













































































































va(unir;se(a(Naveen(Selvadurai(per(crear(una(de( les(majors(xarxes(socials( (per(no(dir( la(major)(





definit.( Van( tenir( visió( de( mercat( i( innovació( per( crear( un( servei( que( després( altres( grans(
empreses(com(Google(o(Facebook(van(voler(imitar.(Han(sabut(motivar(les(persones(a(fer(servir(
els( seus( serveis( gràcies( als( caires( competitius(de(que( consten(aquests.(Han(obert(una(API( a( la(










Encara( que( ja( s’ha( parlat( dels( fundadors( i( de( l’aplicació,( crec( que( és( interessant( analitzar(
l’impacte( globat( que( ha( tingut( 4sq( a( la( societat.( Ara,( si( algú( necessita( buscar( un( restaurant( a(
prop(d’on(es( troba,(només(ha(d’obrir( una(aplicació( i( veure(quins(estan(millor( valorats.( Si( vols(
guardar(un(lloc(molt(interessant(que(has(trobat(per(poder(tornar(un(altre(dia,(només(has(d’obrir(
l’aplicació.(I(així(en(molts(altres(casos.(Aquesta(empresa(ha(creat(un(sistema(per(guardar(d’una(









Finalment,( ha( generat( un( mercat( B2B( (Bussiness( to( Bussiness)( on( les( empreses( poden( fer(
descomptes(als(seus(clients(habituals(sense(haver(de(recordar(les(seves(cares.(Ja(que(molts(cops(






no( els( destruiria( com(ha( anat( passant( fins( ara.( També(és( interessant( veure( com(ha( creat( una(
base( de( dades( gràcies( a( les( aportacions( dels( seus( usuaris,( no( han( estat( els( creadors( qui( han(
introduït(les(dades(dels(diferents(llocs,(són(els(usuaris.(



















És( interessant(observar( el( caire( social( de( l’aplicació( i( com(aconsegueix( que(els( seus( usuaris( la(
tinguin(sempre(oberta(quan(condueixen(i(així(rebre(les(seves(dades.(Gràcies(a(l’ús(principal(que(
té( és( possible( aconseguir( això( (que( estigui( sempre( obert).( A( part( ha( sabut( solucionar(




















llarg( per( aconseguir( salvar( el( món.( Com( s’ha( dit( abans,( ja( que( els( usuaris( tenen( una( missió(
fantàstica( que( ha( traspassat( cap( a( la( realitat,( participen( junts( en( una( espècie( de( realitat(










aconseguir( mitjançant( altres( mètodes.( I,( com( cada( cop( hi( ha( més( dispositius( amb( GPS( integrat,( els(
mateixes(usuaris(ens(poden(proporcionar(aquesta(informació(de(manera(fiable(i(ràpida.(
(
Observar( que( la( integració( del(GIS( en( els( videojocs( és( un(mercat( en( expansió( i( que( permet( una( gran(
innovació(com(s’ha(vist(amb(els(Meatspace(invasion.(Per(tant,(a(tenir(en(compte(en(la(majoria(de(nous(
projectes( que( es( puguin( realitzar,( com(per( exemple,( l’aplicació( que( agafa( com(a( base( el( Foursquare( i(
crea(un(monopoly(a(sobre(com(una(altra(capa((permetent(comprar(edificis(on(fas(check;in(a(partir(d’una(









Actualment,( el( jocs( en( plataformes( mòbils( s’han( convertit( en( un( dels( pilars( de( l’èxit( d’aquestes(








També(ha( obert( un( nou( tipus( de(mercat,( ja( que( ens( trobem(que( la( gent( fa( servir( el(mòbil( quan( està(
esperant(en(una(cua,(fent(temps(per(quedar(amb(algú(o(quan(estan(viatjant(dins(el(transport(públic.(Per(














espai(tancat(on(van(baixant( les(peces( i( les(has(de(distribuir(pel( tauler(de(tal(manera(que(s’ajuntin(tres(
caselles(d’un(mateix(color((la(qual(cosa(provoca(que(s’eliminin).(L’objectiu(del(joc(consisteix(en(distribuir(

























































Només( pots( passar( de( nivell( quan( has( destruït( tot( els( porcs( amb( els( ocells( que( disposes.( Fas(més(
punts(com(menys(ocells(facis(servir(i(com(més(destrucció(general(provoquis.(
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ha( caselles( de( diferents( colors( i( unes( caselles( especials( on( pots( guanyar( una( porció.( Les( fitxes( dels(
jugadors( són( recipients( per( guardar( les( porcions.( Si( el( jugador( respon( bé( la( pregunta( de( la( temàtica(






































En( aquest( cas( EA( també( ha( decidit( portar( un( clàssic( com( el( Monopoly( als( dispositius( mòbils.( El( seu(
sistema(de(joc(és(molt(adaptable(a(aquests(tipus(de(dispositius(i,(a(part,(evita(que(la(gent(faci(trampes(





























model( de( negoci( als( telèfons( mòbils( i( permetre( que( els( seus( jugadors( accedissin( encara( que( no(
tinguessin(un(navegador(web(disponible.(
(
L’objectiu( d’aquest( joc( és( molt( simple.( Has( d’aconseguir( tenir( la( millor( granja( possible( a( partir( de(
l’adquisició(d’animals(o(plantes.(El( sistema(té(dos( tipus(de(moneda,(un(que(s’aconsegueix(dins(el( joc( i(






























model( de( negoci( dels( jocs( MMO( (Massively( Multiplayer( Online)( i( l’ha( portat( al( món( dels( dispositius(
mòbils.(Es(tracta(de(Pocket(Legends,(el( joc(que(més(èxit(ha(aconseguit(en(quan(a(número(de( jugadors(



































veure( com(els( seus(usuaris( podien(proposar( solucions( a(problemes(de( la( vida( real( utilitzant( la(
inteloligència(cololectiva.(El( seu(vídeo(a(TED(ha(estat(un(dels(més(visitats(d’aquesta(plataforma.(
Ha(escrit(varis(articles(i(un(llibre(sobre(la(manera(de(millorar(el(món(a(través(dels(videojocs(i,(fins(




La( seva(visió( científica( i(objectiu(en(el(món(ens( resulta(molt( interessant(pel( fet(de(que(és(una(
manera( molt( original( i( efectiva( de( canvi( el( món( i( resoldre( problemes( de( la( vida( real.( El( fet(
d’aconseguir,( mitjançant( els( jocs,( dotar( d’una( missió( als( usuaris( i( gràcies( a( la( inteloligència(
cololectiva(aconseguida(es( solucionin(problemes(de( la( vida( real( és( fantàstic.(Una(prova( son(els(










Rob( Hawkes( ha( avançat( molt( en( el( desenvolupament( de( jocs( utilitzant( HTML5( i,( per( tant,(
múltiplataforma.( Ha( aconseguit( crear( jocs( amb( motors( de( qualitat( que( només( utilitzen( un(
navegadors.(El( seu(objectiu(és(que(cada(cop(s’evolucioni(més(en(aquest(camp( i( s’aconsegueixi(







Actualment( les( plataformes(mòbils( tenen( la( limitació( de( que,( per( distribuir( la( teva( feina( has(
d’utilitzar(els( canals(que(han(proposat( les(grans(companyies.(Si( vols(evitar( les( restriccions(que(
proposen(només(queda( fer( servir(HTML5(per( les( seves(habilitats(multiplataforma.(Per( tant,(és(













i( va( començar( a( treure( jocs( de( manera( massiva( a( partir( dels( 90.( S’ha( mogut( per( una( gran(
quantitat( de( plataformes( diferents( i,( en( cada( una( d’elles,( ha( tingut( sempre( algun( joc( que( ha(


















amb( la( sortida( dels( dispositius( mòbils( (concretament( l’iPhone)( van( aprofitar( per( fer( un( joc(
Commut.io:(Crowdsourcing(commuting(game(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((F.(Xavier(Mercadal(Mir((((((((((((((((((((((((((((((((((((((((((((
 88(
innovador( i(carismàtic(anomenat(Angry(Birds.(El( joc(va(ser(un(èxit(des(del(primer(moment( i(ha(
estat(portat(a(moltes(plataformes(diferents(a(dia(d’avui.(
2 Per(què(ens(resulta(interessant?(














L’empresa( de( Zynga( té( pocs( anys( de( vida,( va( ser( fundada( el( 2007( per( intentar( aprofitar( les(
plataformes( com( la( del( Facebook( per( aconseguir( explotar( els( jocs( socials.( Va( rebre( una( forta(
inversió( de( capital( de( risc( i,( gràcies( això( va( desenvolupar( un( dels(majors( èxits( del( Facebook.(



















































habituals( s’interessés( pels( videojocs.( Aquest( testimoni( l’ha( agafat( els( dispositius( mòbils( i( els( jocs(
desenvolupats(en(aquesta(plataforma.(Tenim(jocs(natius(com(Angry(Birds(o(Plants(vs(Zombies(que(han(
aconseguit(un(èxit(mundial(basat(en(els(jugadors(no(habituals.(El(canvi(de(mentalitat(que(han(aconseguit(





També(ens( trobem(casos(com( la(NASA(o(CSIC(que(han(creat( jocs(que(permeten( investigar(de(manera(
transparent(amb(l’ajuda(dels(usuaris(que(participen(en(els(seus(jocs.(
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bases(de(dades( i( internet(en(general(com(a(canal(de(distribució.(Quan( (necessitem( informació(d’algun(
tipus( només( necessitem( crear( una( consulta( i( que( siguin( els( usuaris( que( ens( enviïn( voluntariament(





























Com(exemple(més( representatiu( i( estès(del(Crowdsourcing(hem(de( referir;nos(a( la(Wikipedia.(Aquest(
servei( es(basa(en( ajuntar( tot( el( coneixement(de( la(humanitat( en(una(enciclopèdia( lliure( fent( servir( el(
sistema(Wiki.(Tothom(té( la(possibilitat(d’escriure(o(corregir(articles( sobre(els( temes(del(que(és(expert(
(sempre(seguint(alguns(filtres(o(donant(prioritat(als(usuaris(considerats(més(experts).(El(sistema(consta(
d’un( espai( per( discussió( per( agilitzar( les( correccions.( Actualment,( si( busques( informació( sobre( quasi(
qualsevol(tema(possiblement(trobis(algun(article(en(aquest(portal.(
(
La( Wikipedia( és( l’exemple( pràctic( més( constructiu( del( Crowdsourcing.( Pel( qual( s’ha( aconseguit(


































La( plataforma(de(Duolingo( el( que( vol( és( que( els( usuaris( bilingües( o( que( volen( aprendre( un( segon(






























































































































































































estudi( ha( demostrat( fins( quin( punt( és( útil( per( les( empreses( conèixer( la( informació( dels( seus(









Gràcies(al(crowdsourcing(això(podria(canviar,( ja(que( les(empreses(podrien(conèixer( l’estat( real(
Commut.io:(Crowdsourcing(commuting(game(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((F.(Xavier(Mercadal(Mir((((((((((((((((((((((((((((((((((((((((((((
 98(












Steven( Down( ha( dedicat( gran( part( de( la( seva( carrera( professional( a( investigar( sobre(
crowdsourcing.( Ha( realitzat( varis( seminaris( en( la( universitat( de( Standford(16i( la( manera( que(
podem(millorar(els(estudis(utilitzant( la( inteloligència( cololectiva.( En(el( seu(estudi( comenta( com(

















Fiat( ha( estat( la( primera( empresa( en( fer( servir( la( opinió( dels( seus( usuaris( en( temps( real( per(
realitzar(un(prototipus(d’un(dels(seus(cotxes.(El(Fiat(Mio(és(el(primer(cotxe(fet(al(cent(per(cent(a(




















Aquest( grup( creat( per( Carl( Esposti( és( un( portal( on( s’organitza( la( informació( relacionada( amb(
Crowdsourcing( de( tot( tipus,( en( general( la( major( part( de( la( informació( correspon( a( diferents(


















la( composició( d’aliments( dins( un( plat,( cosa( molt( difícil( per( un( dispositiu( amb( inteloligència(








El( que,( mitjançant( la( validació( de( moltíssimes( persones( puguem( crear( algoritmes( d’IA( que(







crowdsourcing( gràcies( a( les( facilitats( que( aporta( que( cada( cop(més(hi( hagi( una( gra( quantitat( de( gent(






















sempre(tindrem(més(opcions(a( l’hora(de(fer(servir( les( funcions(natives(del(dispositiu,( les( llibreries(que(
ens(proporcionen(i(afegir(diferents(frameworks(de(tercers(que(permeten(ampliar(les(opcions.(
(
En( canvi,( si( preferim( que( sigui( una( aplicació( multiplataforma,( que( no( hagi( de( realitzar( coses( molt(
complexes,( podem(optar(per( fer( servir( frameworks(basats( en( Javascript(que(ens(permeten(utilitzar( el(
mateix( codi( per( totes( les( plataformes.( S’ha( de( dir( que( alguns( d’aquest( frameworks( com( el( Phonegap(
permeten( implementar( la( part( gràfica( amb( l’ajuda( de( frameworks( per( interfícies( quan( altres,( com( el(
titanium,(no.(L’ús(d’aquests(frameworks(repercuteix(en(el(rendiment(i( les(opcions(final(dins( l’aplicació.(
També( s’han( de( cuidar( els( aspectes( de( la( distribució,( en( alguns( és( comparteix( el( codi( font( amb( la(
distribució(de(l’aplicació.(
(
Entre( totes( les( diferents( opcions( s’analitzaran( posteriorment( les( maneres( natives( que( tenim(
d’implementar(la(nostra(aplicació(i(els(frameworks(que(disposen(de(major(comunitat(actualment,(ja(que(
quan(et( lligues(a(un( framework(també(et( lligues(al(èxit(que(tingui(aquest(en( la(comunitat(per(saber(si(
tindrà( continuïtat( o( no.( Analitzant( el( Google( Trends( i( Alexa( per( saber( la( popularitat( que( tenen( els(
diferents(Framewokrs(en(la(comunitat(podem(extreure(la(conclusió(d’analitzar(només(un(subconjunt(del(


































































El( fet( de( programar( utilitzant( les( eines( que( ens( dona( la( mateixa( casa( que( ha( creat( el( dispositiu( ens(
assegura( que( el( nostre( programa,( en( un( principi,( estarà( més( optimitzat( i( podrà( fer( ús( de( totes( les(
funcionalitats(disponibles.(També(ens(permet(fer(servir(les(diferents(eines(com(el(debugger,(l’analitzador(














































































































Amb(Appcelerator( és( possible( crear( aplicacions( per( a( Android,( iPhone( i,( a(més,( d'escriptori,( utilitzant(
exclusivament( Javascript( (el( suport( per( a( Blackberry( està( en( fase( beta).( Per( programar( proporciona(
Titanium(Studio,(un(IDE(basat(en(Eclipse(amb(el(qual(crear(els(projectes(i(editar(els(fitxers(Javascript(i(la(





























Les( aplicacions( es( programen( íntegrament( amb( Javascript,( creant( i( cololocant( a( mà( tots( els( controls,(
usant(per(a(això(una(llibreria(que(fa(de(pont(entre(la(teva(aplicació(Javascript(i(els(controls(del(sistema.(














( iOS( Android( Phonegap( Titanium(
Multiplataforma( No( No( Sí( Sí(
Llenguatge( Objective;C( Java( Html5/Css3/Js( Js(
Llibreries)oficials( Sí( Sí( No( No(
Corba)aprenentatge( Alta( Normal( Baixa( Baixa(






Components)interfície( Nativa( Nativa( Framework(UI( Nativa(
Suport)per)jocs( Sí( Sí( Framework(extern( No(
Comunitat( Molta( Molta( Bastanta( Bastanta(
Rendiment( Màxim( Màxim( Normal( Alt(





Funcionalitats)del)dispositiu( Totes( Totes( Totes( menys(
Bluetooth,(
acceleròmetre,(











En( el( cas( que( treballem( amb( frameworks( com( Phonegap( o( que( implementem( el( motor( de( la( nostra(
aplicació(en(la(part(de(servidor(i,(mitjançant(algun(webservice(l’alimentem(de(les(dades(ja(processades,(
tenim(un( conjunt( de( Frameworks( per( dissenyar( la( interfície( de( la( nostra( aplicació.( Aquest( conjunt( de(









resta,(després(el( Sencha(Touch(amb(el(XUI( amb(una( tendència( força( semblant( i,( finalment,( el( iwebkit(
amb(el(iui(mobile(com(a(últims.(
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Sencha( Touch( és( el( primer( framework( de( desenvolupament( web( mòbil( creat( específicament( per(
aprofitar(HTML5,(CSS3(i(JavaScript(al(màxim(nivell(de(potència,(flexibilitat(i(optimització.(Fa(ús(específic(
d'HTML5( per( oferir( components,( com( àudio( i( vídeo,( així( com( un( proxy( local( Storage( per( guardar( les(




















Aquest( framework( tipus( de( framework( permet( crear( una( vista( molt( potent( i( semblant( a( la( de( les(






































Com( es( pot( observar( a( la( seva( web,( tenen( bastants( Sponsors( de( renom( com(Mozilla,( Nokia,( Palm( o(


































Així( doncs,( s’analitzarà,( de( les( diferents( plataformes,( els( que( son( gratuïts( i( amb( suficient(
















Cocos2D(és(un( framework(OpenGL(adaptat(a( iOS( (actualment(s’està(portant(cap(a(Android( i(Windows(












































Aquest( Framework( basat( en( Java( és( el( que(molts( creadors( de( jocs( per( Android( en( 2D( fan( servir.( Te(
suport(directe(d’OpenGL(i(també(és(OpenSource(com(Cocos2D.(Té(un(motor(físic(molt(potent( i(moltes(


































La( creació(de( jocs(mitjançant(HTML5(encara(no(està(molt( avançada.(Han( començat( a( sortir( eines(per(




























que(ha(aconseguit( coses( sorprenents.( El( que( les(eines(que( tenim(disponibles(encara( son(poc(potents,(
































Varis( són( els( que( han( basat( el( seu( èxit( en( Corona,( la( pàgina( oficial( diu( que( han( aconseguit( +35M(de(
























de( l’art( anterior.( Té( un(motor( 3D(molt( potent,( una( integració( perfecte( en( les( aplicacions( natives( del(























En( conclusió,( tenim( un( Framework( molt( potent( que( ens( permet( la( creació( de( jocs( 2D( com( 3D.( Els(
llenguatges(son(o(bé(Obj;C(en( iOS(o(C++(en( la(resta(de(plataformes,(per(tant(sabem(que(el(rendiment(
serà(bo.( En(un(principi( és( un( Framework( força( complex,( que(pot( tenir( una( corba(d’aprenentatge(una(













































Finalment( tenim( un( tipus( de( Framework( que( ens( permet( no( solament( desenvolupar( per( dispositius(







LimeJs( Corona( Marmalade( Unity3D(
Multiplataforma( Beta( No( Sí( Sí( Sí( Sí(
Llenguatge( Obj;C/C++( Java( Html5( Lua( C++/Obj;C( C#(
Preu( Gratuït( Gratuït( Gratuït( $199;349( >=($149( >=($399(
Qualitat)Gràfica( Alta( Alta( Baixa( Alta( Molt(Alta( Molt(Alta(
Motor)físic( Normal( Bo( No(té( Normal( Molt(bo( Molt(bo(
2D/3D( 2D( 2D( 2D( 2D( 2D/3D( 2D/3D(
Comunitat( Molta( Bastanta( Normal( Bastanta( Bastanta( Molta(






Quan( tenim( una( aplicació( que( pot( interactuar( amb( un( servidor( i( amb( altres( usuaris( de( manera( no(










































L’evolució( que( han( tingut( les( xarxes( socials( han( fet( que( cada( cop( sigui( més( popular( utilitzar( la(
identificació(que(ens(proporcionen(aquest(serveis(per(omplir(de(manera(ràpida(els(formularis(de(registre(
d’altres( llocs.(D’aquesta(manera(podem(aconseguir(als(clients(de( la(competència.(La(més(popular(és( la(
del(Facebook,(seguida(de( la(de(Google( i(per(acabar( la(de(Twitter.(D’altres(xarxes(socials(quasi(no(es(fa(
servir(aquest(mètode.(El(principal(problema(ve(donat(de(que(no(tota( la(gent(disposa(d’una(compte(en(

















tenir( número( de( telèfon.( Per( tant,( moltes( pàgines( (la( majoria)( fan( servir( aquest( camp( per( fer( les(
comprovacions( d’identitat( i( permetre( el( registre.( Per( tant( és( un(mètode( a( tenir(molt( en( compte( per(
guardar(la(informació(de(l’usuari(al(nostre(sistema(de(manera(única.(L’únic(problema(que(té,(és(que(els(




























Finalment( existeixen( els( sistemes( propis( basats( en( les( necessitats( del( sistema.( Si( es( necessita( que( els(
usuaris(només(puguin(registrar;se(un(únic(cop(i(no(es(vol(duplicació(d’identitat(podem(fer(servir(el(DNI(o(
passaport( (com(per(exemple,(quan(vols( fer(algún(tràmit(a( la(SEDE(d’Educació(et( fan( identificar(amb(el(
DNI28).(També(podem(identificar(a(partir(del(nom(d’usuari(sense(necessitat(d’introduir(email(o(número(
de(telèfon,(en(el(cas(que(no(es(necessiti(molta(informació.(Aquest(sistema(és(molt(flexible(i(depèn(de(les(
















Molts( cops,( dins( un( joc,( ens( interessa(que( els( usuaris( pugui( comparar( qui( va( guanyant( entre( els( seus(
amics,(habilitar( la(comunicació(tipus(xat( i(altres(coses(que(donen(un(valor(afegit(a( la(dinàmica(del( joc.(

























informació( diversa( entre( els( diferents( jocs( i( les( comunitats( de( jugadors.( Permet( enviar( sololicituds( als(
teus(amics(per(començar(partides(multijugador(i(gestionar(aquestes.(Així(i(tot,(la(dinàmica(del(joc(no(la(




















Abans(de(que( sortís( la(plataforma(d’Apple,( va( sortir( aquesta(plataforma(per( suplir(una(mica(aquestes(
mancances(que(tenia(el(sistema(de(la(poma.(En(general(ha(anat(algun(pas(per(davant(de(la(plataforma(
oficial,(pel( fet(de(ser(OpenSource.(Encara(que,(pel( fet(de(no(ser( la(proposada(per( la(companyia,(molts(
usuaris(no(es(registren(a(la(plataforma.(En(general(el(disseny(d’aquesta(també(està(més(cuidat(que(en(el(



















































La( manera( que( tenim( els( desenvolupadors( d’utilitzar( aquest( servei( és( fent( servir( l’API( que( hi( ha( a(
disposició(de(tercers.(Aquest(servei(et(permet(utilitzar( la( informació(que(l’usuari(et(dona(permís,(crear(





claus( que( s’han( d’utilitzar( en( la( identificació( OAuth( 2.0( (protocol( d’autentificació( que( fan( servir( per(










El(principal(problema(d’aquesta(API(és( la(canviabilitat(que( té.(Hi(ha(modificacions( internes(de(manera(





tant,(per(molt(que( la( seva(API(pugui( resultar(engorrosa( i( ens(molestin( la(quantitat(de( canvis(que( fan,(












twitter( es( genera( una( gran( quantitat( de( microinformació( que( els( usuaris( poden( o( no( consumir.( La(
potència( dels( seus( Hashtags( et( pot( fer( passar( de( no( ser( gens( conegut( a( tenir( una( gran( visibilitat( si(
aconsegueixes(un(Trending(Topic.(Per(tant,(aquesta(plataforma(tampoc(pot(ser(descuidada.(
(
El( seu( sistema( permet( realitzar( qualsevol( de( les( accions( que( es( fan( pel( navegador( web,( d’aquesta(
manera( han( aconseguit( tenir( clients( del( seu( sistema,( complets,( desenvolupats( per( tercers.( Funciona(




La(quantitat(de(gent( altament(activa(és(el(major(punt( fort(d’aquesta( xarxa.(A(diferència(de( les( altres,(
aquí(la(base(és(que(el(contingut(a(consumir(en(general(és(força(constant.(Seguint(a(la(mateixa(quantitat(












































Els( usuaris( de( 4sq( en( general( no( son( tan( actius( com( a( les( altres( xarxes( socials,( només(marquen( (en(
general)(quan(estan(a(un(lloc(que(sigui(interessant,(no(els(llocs(que(passen(dia(a(dia.(Per(tant,(si(volem(





































Així( doncs,( possiblement( les( nostres( aplicacions( s’hagin( de( basar( en( APIs( de( tercers( per( aconseguir(























Google( Maps( és( la( tecnologia( de( mapes( que( ve( integrada( dins( gran( part( de( dispositius( mòbils.( Han(
aconseguit( ser( un( referent( en( aquest( sector( gràcies( a( la( fiabilitat( que( tenen( i( les( eines( de( les( que(
disposen((com(Street(View(o(càlcul(de(rutes(en(temps(real).(
(
A( l’hora(d’utilitzar(aquest( sistema(només( s’han(de(carregar( les( llibreries(associades(disponibles(al( SDK(
oficial(de(desenvolupament((tant(per(iOS(com(per(Android)(i(ja(pots(començar(a(utilitzar(mapes.(
(
El( disseny( ve( definit( per( la( interfície( base( del( mòbil( per( oferir( uniformitat,( permet( afegir( informació(
multicapa(i(no(s’ha(de(pagar(la(llicència(de(l’API(si(el(fem(servir(de(manera(nativa,(ja(que(ve(coberta.(En(el(




































sistemes( de( mapes( en( qualsevol( mòbil( que( porti( un( sistema( operatiu( basat( en( Java.( Permet( l’ús( de(
mapes(de(manera(fàcil,(mapes(multicapa,(interfície(personalitzable,(…(
(
En(el( cas(de( iOS,( al( fet(de(no(estar(basat( en( Java(aquesta( llibreria(no( funciona( i( s’han(hagut(de( crear(








Comparant( amb( els( mapes( que( ens( permet( utilitzar( la( plataforma( de( Google( maps,( les( principals(
diferències(en(que(destaquen(aquest(tipus(de(mapes(són(que(permeten(més(estils(de(mapa,(possibilitat(
de( fer(rutes(amb(bicicleta(o(altres(transports(que(no(siguin(cotxe,(a(peu(o(transport(públic(de(motor( i(














En( conclusió,( si( volem( uns( mapes( perfectes,( una( integració( amb( el( dispositiu( amb( el( SDK( oficial( i(













En( aquest( apartat( analitzarem( com( capturar( les( dades( del( GPS( de( diferents(maneres( en( les( diferents(










En( el( cas( de( l’HTML5( ens( trobem( que( W3C( ha( declarat( un( estàndard( per( fer( servir( les( APIs( de(
Geolocalització(en(aquesta(plataforma.(En(la(pàgina(on(queda(declarat(el(primer(borrador(de(com(s’han(
de( fer( les( coses( (http://dev.w3.org/geo/api/spec;source.html,( 28G02G2012)( trobem(exemples( de( codi,( la(
manera( con( s’ha( d’accedir( en( cada( moment( a( la( informació( del( GPS,( quins( protocols( de( seguretat,(
privacitat(s’han(de(complir(i(altres(declaracions(més(sobre(l’ús.(
(
El( primer( que( s’ha( de( fer( és( recuperar( l’objecte( navigation.geolocation( del( navegador( on( trobem( la(













Un( dels( problemes( que( podem( trobar( és( que,( al( no( ser( estàndard( encara( cada( navegador( ho(
implementat( tot( a( la( seva(manera( i( en( alguns( pot( funcionar( però( en( altres( no.( La( latència( ronda( els(












CoreLocation( i( CLLocationManagerDelegate.( Per( obtenir( les( coordenades( s’ha( de( fer( servir( el(



























Com( al( principi( el( aGPS( (Assisted( GPS)( que( porten( els( dispositius( en( iOS,( per( tenir( dades( just( obrir(
l’aplicació,(el(que(fan(es(mirar(la(triangulació(d’antenes(per(saber(aproximadament(on(està(el(dispositiu(
ens( convé( filtrar( aquestes( dades( ja( que( poden( arribar( a( estar( desfasades( uns( 10Km(del( punt( on( està(
l’usuari.(Un(altre(problema(pot( ser(que(el( sistema( tingui( a( la( cache( vàries( coordenades( ja.( El( location(




















L’últim( problema( vindria( a( ser( que( pot( passar( molt( temps( fins( que( complim( les( dos( condicions(
expressades(anteriorment,(per(tant( implementem(un(timer(per(tornar(a(preguntar(de(nou(les(dades(si(










Com(podem(veure(en(aquest(exemple(en(el( sistema( iOS(podem(aconseguir( les( coordenades(cada(cop(
que(n’hi(ha(de(noves,(ja(que(el(manager(reb(un(avís(del(sistema(i,(al(mateix(temps,(aquest(aplica(la(rutina(



































Aquí( es( pot( veure( com( s’utilitza( el(mètode( requestLocationUpdate( de( l’objecte( LocationManager( per(
registrar(l’objecte(LocationListener.(En(Android(podem(manejar(les(localitzacions(mitjançant(proveidors(


















funcionalitats,( encara( no( estan( al( nivell( del( que( ofereixen( els( sistemes( natius( en( aquest( tipus(








servidor( i( viceversa.( La( comunicació( entre( aquests( és( crucial( si( s’ha( de( fer( una( aplicació( on( han(
d’interaccionar( vàries(persones(o( sincronitzar(els(diferents(missatges(que( s’envien.( Ja( sigui(per(buscar(
nova( informació( sobre( amistats,( missatges( a( la( bústia,( noves( fotos( en( un( àlbum( o( la( resta( de( la(








Nosaltres( analitzarem(el( sistema(REST(amb(OAuth2(que(és(el( que( fan( servir( la(major(part(d’APIs( com(
















(Representational(State(Transfer)( i(controlant( l’accés(mitjançat(OAuth2.(Es(fa(servir(aquest(tipus(per( la(
simplicitat(a(l’hora(de(fer(les(peticions,(quan(necessitem(un(recurs,(enlloc(d’invocar(un(funció(remota(el(
que( fem( és( accedir( a( una( ruta(web( i( el( resultat( ens( donarà( la( informació( de( l’objecte( o( els( objectes(
sololicitants(en(format(XML(o(Json.(
(
El( problema(d’aquest( sistema(és(que(una(persona(externa(pot( anar( accedint( a( totes( les(pàgines( i( així(
captar( tota( la( informació(de( la( nostra( base(de(dades,( el( que( suposa(un( gran(problema(de(privacitat( i(






























fent( servir( les(notificacions(PUSH,(missatges(que(arriben( i( s’ensenyen(a( l’usuari( encara(que( l’aplicació(
































Notificacions( Push( d'Apple,( que( és( un( servei( bastant( complex( .( Aquest( s'encarrega( de( transportar( i(
comunicar(notificacions(des(d'un(servidor(als(nostres(dispositivos.(Les(notificacions(són(missatges(curts(








































que(baixi( la( informació(real(del(servidor(sololicitant( l’actualització.(El(dispositiu(ha(de(tenir(una(compte(
de(Google(associada(perquè(funcioni,(només(està(disponible(si(el(firmware(és(superior(al(2.2(o(posterior.(
(































El( procediment( que( fa( servir( és( molt( simple,( tu( només( t’has( d’encarregar( d’implementar( la( part( del(
client,( ells( ja( implementen( tota( la( part( del( servidor.( Després( et( donen( un( backend( per( gestionar( les(
notificacions(a(partir(del(seu(servei(o(bé(per(una(API((la(manera(correcte(de(fer;ho).(
(
L’integració( amb( els( sistemes( Push( iOS/Android( és( directe( i( està( molt( ben( documentat( tot.( Hi( ha(




Hi(ha(diverses( referències(d’aplicacions(que( fan(servir(aquesta(plataforma(per(enviar( les(notificacions.(
Aquí(podem(trobar(un(llistat(complet33(.(
(











Els( usuaris( d’una( aplicació( han( de( poder( rebre( missatges( per( part( del( servidor( que( la( gestiona( per(
assabentar;se( de( les( novetats( o( per( motivar;se,( aquest( tipus( de( missatge( són( els( que( fan( servir( la(
tecnologia(Push.(Depenent(del( tipus(d’aplicació( tindrem(molts(missatges(d’aquest( tipus(per(persona(o(
només(uns(quants(al(mes.(Segons(aquest(paràmetre(podrem(plantejar;nos(si(ens(convé(crear(un(sistema(
Push(de(manera(nativa(o(utilitzar(les(eines(que(ja(fan(la(part(de(servidor.(També(s’ha(d’analitzar(fins(quin(




















































































































































































































































































































































































































































































































































































































































































































































Design of a Real-time Crowdsourced Mobility Sensor for Public
Transportation Networks
Marc Pous, Daniel Villatoro, F. Xavier Mercadal and Arol Vin˜olas
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Abstract: Recently, and with the ever-increasing interest in Smart-city paradigm, urban mobility optimization is becom-
ing an active research area. We are specially focused on the real-time optimization of the Public Transportation
Networks, and the passenger flows. In order to achieve such task, it becomes essential to know the state of
the network and its load of passengers in real-time. To the best of our knowledge, no existing infrastructure
is able to keep track of the amount of public transportation users (and their position) in real time. In this
paper we propose a framework architecture that transforms the passengers in active sensors and profit from
the information they provide to estimate the actual usage of the network. In order to create an engaging ex-
perience for passengers (and incentivize the activation of the mobility sensor) we have implemented a higher
level layer which offers users with a trivia-like game, where users compete against other users in real-time,
while providing their position on the network.
1 Introduction
Catalyzed by the Industrial Revolution, cities
have become the acting scenario for the economic
tradings and exchanges that have derived into the
modern economic system. Due to several factors
(such as a reduction of commuting times and increase
the interaction capabilities), the population within the
cities suffered an outstanding growth and becoming
such organizational structure the predominant and
preferred for human interactions.
Trying to improve the control and optimization of
urban behaviour, city managers uniformly decided
to invest in the improvement of the sensing infras-
tructures within the city, increasing the amount
of generated data. These decisions were taken
approximately at the same time of the explosion of
usage of mobile communications, which have given
citizens the capability to continuously share infor-
mation anytime anywhere. This continuous sensing
capability combined with the humans’ “common
sense” transforms any device-holder in a potential
proactive intelligent sensor, which complements
the classical continuous-sensing sensors installed
in a certain location with an specific scope, whose
performance is based on the detection of anomalous
performances. The complete sensorization of an
specific subject is interesting as it provides the
sensor-owner with complete and specific information
of the subject behavior. However, it is necessary a
profound knowledge of the subject of study to decide
the type of sensor that needs to observe it, and other
configuration parameters that fully determines the
sensor behaviour. Moreover, classically these sensors
are static in space, without being able to provide
samplings of mobile subjects.
Our research focuses on a complete different ap-
proach where we profit from the sensing capabilities
of the human subjects through their mobile devices,
triggered by their intelligent common-sense. As
specific interesting examples we can think of the
Arab Springs (which were mostly reported via Twit-
ter (Lotan et al., 2011)), or the “If you see something,
say something” movement (where citizens report
about suspicious activity in cities via geo-positioned
social media). Moreover, several applications are
profiting from this continuous and intelligent data
provision within their business models, such as
Foursquare or Waze.
The combination of the user-generated data together
with that obtained from the local infrastructures are
generating more data than is possible to process
manually by any existing authority or policy maker,
resulting in the urgent need to automate the informa-
tion discovery to support human operators. However,
in many cases the generated data is private and
inaccessible, and in other cases is not even stored.
The proper usage of this information would provide a
more complete picture with up-to-date information of
the object city allowing for a significant improvement
of the urban performance. This idea is in alignment
with the bottom-up paradigm (defended by other re-
searchers (Greenfield, 2007; ?)) where build-up cities
need to be reinforced with the widespread use of
mobile devices and geo-positioned applications pro-
viding information of the state of certain resources.
An specific successful example is that performed by
the “Civic Hackers” (specially promoted in North
America) where they invest efforts to improve their
urban environment.
These types of initiatives combined with the prolif-
eration of Open Data portals and the huge amount
of data available are creating a higher hyper-local
focus in our societies promoted by the own citizens.
The technological usage of these Big Data generated
from public environment in the cities has resulted in
the emergence of a new area of research defined as
Urban computing.
With the rapid progress of urbanization and civi-
lization on earth, urban computing is emerging as a
concept where every sensor, device, person, vehicle,
building, and street in the urban areas can be used as
a component to probe city dynamics to further enable
city-wide computing for serving people and their
cities. The aggregation and combination of all these
data-providing (and interacting) elements results in a
systems which is better understood as a whole than
by the individual analysis of all its parts, showing
the characteristics of a complex system (Bettencourt
et al., 2007; Lathia and Capra, 2011).
Our research focuses on the exploitation of the human
sensing capabilities to understand their mobility pat-
terns in an urban environment. Specially, we present
the design of a real-time crowdsourced mobility
sensor in public transportation networks whose usage
is incentivized through gamification. A trivia-like
game serves as an incentive for public-transportation
users to activate the designed sensor, and provide
our platform with real-time position information
of users, obtaining a complete picture of the state
of the network with up-to-date information. The
specific case of study that we focus on is the city of
Barcelona. Nowadays the Barcelona transportation
agency, among others, does not have methods neither
infrastructure to know the exact number of people
travelling in real time in its transportation network
(composed by bus, metro, tram and train). With the
raise of the computing capabilities in mobile devices
and the appearance of the Big Data paradigm, it
seems appropriate to profit from the multidisciplinar
and interrelated sources of real-time data and process
them in an unified intelligent core, maximizing the
information that can be obtained from that data.
One specific and interesting advance proposed is
the usage of Case-Base Reasoning (CBR) to infere
the correct location of users from the GPS position
provided by them when travelling in the Metro. This
is a challenge as the GPS positioning return poor
positions when the application is used underground,
and therefore, the CBR will correct that position to
what it should really correspond after an adequate
training.
The paper is organized as follows: in section 2
we present a brief summary of the problem and a dis-
cussion related on the improvement of public trans-
portation and available public metrics. In section 3
we describe the modular solution proposed to detect
commuters’ real-time location. Section 4 presents the
actual intelligent analysis tasks that are performed to
overcome some of the problems we have faced. In
section 5 we present some related works and their
contributions to the field. In section 6 we summarize
our on-going work for analysing the commuters loca-
tions and state of the Barcelona’s public transporta-
tion network in real-time. Finally, in section 7 we
sketch the next steps that will be taken to improve the
performance of the platform
2 The problem: The lack of
real-time public data
Our long-term scientific goal is the design and de-
velopment of easy-to-install software systems to im-
prove the overall mobility experience in the city. To
achieve this task, it is vital to understand how the
underlying system behaves. Such understanding im-
plies answering relevant questions such as: How citi-
zens transit the city? or (and strictly related) How do
citizens use public transportation?. However, these
questions are still hard to answer, as in most of our
known urban examples, this information is publicly
unavailable, in private hands and sometimes even
non-existent. Such problems lead us also to a different
question: How can we obtain real-time user-transit in-
formation?
The optimization of urban processes such as the
public transportation system has been subject of inter-
est of researchers for many years/for decades (Lynch,
1960; Mandl, 1980; Daganzo, 1997). Some public
transportation networks such as “Transport for Lon-
don” or Seoul metro, have information about the users
entrances and exits controlled through RFID cards
or similar systems, used for optimizing the payment
costs using a “pay-as-you-go” approach. However,
and to the best of our knowledge, there is no existing
infrastructure that provides the load of the network
in real-time. In this paper we sketch the structure of
the architecture that would allow public transporta-
tion users to become active sensors and provide this
data while they travel. However, the design of such
architecture implies several problems.
One important problem that needs to be addressed
is the how the available information is organized and
structured. In the specific case of Barcelona’s Pub-
lic Transportation agency the information is spread in
different silos. Some of the information processed are
the complete metro, bus, Ferrocarrils de la General-
itat (FGC), RENFE and Bicing (public shared bikes)
network information. 1 Apart from lacking of a uni-
fied, organized and (possibly) semantified informa-
tion of the physical infrastructure machine-accessible,
this information would only represent a small subset
of the necessary data that should be made available to
the general public. The information that we are most
concerned about is to obtain the real-time state of the
transportation network.
To the best of our knowledge, there is no existent
infrastructure that have access to this data. Specif-
ically, for our case of study, the real usage of the
Barcelona public transport network is not available
and the most important, administration or transporta-
tion consortium do not capture neither have access to
that data.
As an specific example, the Barcelona City Coun-
cil Department of Mobility, the ATM (“Autoritat del
Transport Metropolita`” - Metropolitan Transporta-
tion Authority), only stores the entrance of a passen-
ger to the network, but not the passenger load of each
specific line neither when the passenger leaves the
system.
1All of the static information extracted from these si-
los was related with the geoposition of their stations.
The open data dataset related with the metro, FGC
and RENFE was available at the national government
open data website (http://www20.gencat.cat/portal/
site/dadesobertes). The data was formated using KML
files, although every dataset had different attributes. On the
other side, the bus dataset was on the Barcelona’s open data
website (http://w20.bcn.cat/opendata/). This dataset
was incomplete indeed with the geoposition expressed by
UTM. Related with the bus dataset the different bus lines
available in the city could not being extracted from that
dataset. The information referred with the bus lines was
only available at the Barcelona’s Bus website in HTML for-
mat. Regarding to the Barcelona’s sharing bikes system,
the Citybik site (http://citybik.es/) offers a real-time
normalised API of all the Barcelona dataset, although this
source it is not official.
This information is of clear importance to any
public transportation system, as it has been proven
by the numerous costly and time-consuming inter-
views performed to passengers asking about their ori-
gins, destinations, preferred routes and other parame-
ters. Moreover, providing real time information about
the state of the network would increase the aware-
ness of the urban flows within cities through public
transportation systems, and pop up the weakness of
the networks and the behaviours of the commuters in
front of the incidences or big events, amongst many
others.
In this paper, we propose a platform of an integrated
solution that allows the real-time tracking of partici-
pants within the transportation network. To achieve
this task, we rely on the sensing capabilities of pas-
sengers (acquired through their mobile devices such
as smartphones) and the continuous provision of in-
formation. However, we face two problems with this
approach: (1) this sharing implies a cost for the in-
dividual user in terms of battery life and bandwidth
that users are not always willing to sacrifice, and (2)
we need to critical mass of users to obtain signifi-
cant sample of information. The individual voluntary
provision of information (for the intelligent analysis
and process in our platform) would represent a long-
term benefit for the users, despite the associated ana-
lyzed costs. However, battery life is a valued resource
that users are always reluctant to share for communal
goods, therefore, we need to provide short term pos-
itive incentives to motivate humans to provide with
this data. Moreover, we need to ensure that a critical
mass of users will participate providing information.
To ensure both problems we opt for the usage of gam-
ification techniques, translating these incentives into
our platform in terms of a competitive game, that pro-
vides users with distraction during their trips, com-
pensating for the resources consumed, and it is attrac-
tive enough to engage a sufficient amount of users.
As an specific case of study we want to study
the commuting trends of Barcelona, being the com-
muters a representative portion of the users of the pub-
lic transportation networks. Once we obtain real-time
sample data of mobility, we will be able to understand
the commuting trends and urban flows within the city,
and consequently we would be able to analyze the
weak points that can be reached by us to improve the
system. However, this intelligent processing imply
also the creation and usage of a common language
that refers to each of the units of information treated
in this process.
All these processes are too complex to be covered
by independently managed solutions, and therefore
our proposed holistic platform seems to be the ideal





The solution proposed for the cooperative GPS
tracking in the Barcelona’s public transportation net-
work is based on the gamification concept to in-
centivize users. We defined and developed a game
users play while an underlying application gathers
the geopositon (latitude, longitude and altitude) of the
gamers with the aim of being aware of the Barcelona’s
public transportation usage in a city in real-time. The
goal of the application is the cooperative anonymous
real-time monitorization of the commuters, in the
public transport network. Commuters seems to be
ideal candidates for this research as they have inter-
nalized the commuting route that they transit every-
day, and their cognitive capabilities can be re-focused
on playing our game. While commuters play on their
mobile device, they will be competing in real-time
with other players, while sending information to our
mobility server. This solution would allow us to track
the whole Barcelona’s public transportation system in
real-time creating an incentive for the commuters to
use this game.
The complete architecture (shown in Figure 1)
is formed by three essential interacting components,
which are described below.
3.1 Track-Hunter
The mobile application, that runs on the users de-
vice, gathers the GPS position and sends it to our
server. This component creates a message that con-
tains the specific GPS position (obtained with the na-
tive GPS libraries of the mobile device), the times-
tamp for which that position was obtained, and the
user introduced nickname, that will allow the contin-
uous track of an specific user without compromising
his privacy2.
3.2 Game Layer
Designed as a incentive mechanism, the Track-Hunter
application is complemented with a trivia-like game,
2At the moment the Track-Hunter sends one message
every 30 seconds, as we consider this time-frame of enough
granularity to obtain a realistic route without over-flooding
the communication channels.
where players compete in real-time with other play-
ers. The game itself, combined with the real-time
competition factor creates an engaging and satisfy-
ing interface for which users obtain a trade-off for the
sacrificed battery-life consumed by the Track-Hunter,
as well as the attraction to open the application every
time they commute.
3.3 Mobility Server
The client application sends (using a REST API3) the
gathered information to a server that recollects all the
provided information in real-time. This server has
been designed to handle concurrent requests on real-
time, implemented with Node.js4.
These explained components are essential for the data
acquisition process. However, once the information
is acquired we need to process it in order to obtain
knowledge about it. This knowledge extraction capa-
bilities are integrated in what we have defined as the
Intelligent Layer. This intelligent layer will be able
to provide specific information and detailed analysis
of the commuting trends, specifically obtaining infor-
mation such as the most used routes, transportation
modes, or peak hours.
4 Intelligent Layer
In this section we will analyze the different prob-
lems we have faced after the design of the general ar-
chitecture. These problems deal with the treatment of
a huge amount of raw data obtained in real-time from
the sensors and its transformation into manageable in-
formation in order to extract knowledge.
4.1 Data Model and Ontology: A
Network Approach
Commuters provide us with a continuous feed of loca-
tions and timestamps, which is almost straightforward
that are associated to movements. However, these
movements are constrained by the actual transporta-
tion infrastructure. This restriction is understood as
a positive point in terms of information storage op-
timization. Moreover, the public transportation net-
work can be easily transported to the mathematical
paradigm of networks and profit from all the theory
and operators developed: stations (where passengers
3Due the simplicity and easiness of the REST protocol
over SOAP and WSDL, most of the new web services are
being build using REST.
4http://nodejs.org/
Figure 1: Crowdsourced Public Transportation Sensing Framework Architecture
get in and out) are the nodes of the network, and the
connections amongst stations are the edges. As users
are mobile, each node or edge might have a different
weight. This weight would be changing dynamically,
depending on different interests, such as, distance,
time spent for travelling from one node to another, or
the number of people travelling, amongst other mea-
sures.
These first decisions are part of an specific prob-
lem that we have faced in this challenge, which is, the
development of a common specific vocabulary that
fixes the different types of units and measures that the
system will handle. The objective of the public trans-
portation mobility ontology is twofold: (1) character-
ize the units necessary for our designed optimization
processes, and (2) separate the information acquisi-
tion process from the actual calculations, allowing for
more transparent and differentiated processes that do
not interfere.
Moreover, the proposed ontology is a passenger-
centric ontology as opposed to the majority of the an-
alyzed ontologies in the literature which are mainly
transport centric models (Houda et al., 2010). The on-
tology designed for our platform focuses on the real-
time location of the commuters, their journeys and the
different paths (changes in transportation modes or
transportation lines), within the public transportation
network. From those journeys it is possible to extract
the stop points and edges, and on the other side, it is
possible to infer the real-time position of the sample
of vehicles with the commuters in them but not taking
into account the schedule or fares.
4.2 What is Where? Mobility Resources
Reference Repository
As we were saying, we have opted for taking a net-
work approach where each passenger has to be lo-
cated in an specific moment at a station or an edge
between stations. Therefore, it becomes vital to es-
tablish a reference database with the information re-
lated to the mobility resources available. This central
repository would provide us with the specific GPS
locations of each station (stop points) pertaining the
system (as well as the edges, the GPS coordinates of
the connections amongst stations), the lines of each
transportation mode, and the detailed description of
the stops that belong to each line.
This problem has been solved through the devel-
opment of a centralized repository of mobility infor-
mation in Barcelona5. This repository has been con-
structed as a public REST API to access to the col-
lected information from the different silos and web-
sites related with the Barcelona’s transportation sce-
nario. It is important to have the knowledge of
the complete transportation network (stop points and
edges) of the city to visualize the complete picture
of the network matching with the captured real-time
data.
This centralized repository allows thirds parties
to query about the mobility resources of the city of
Barcelona in a accesible manner. In order to build this
centralized repository we have processed data from
public databases, open data files and scrapped public
transportation agency’s websites. However, the pro-
cessing of this public data implied the resolution of
several codification problems. Mainly, we some of
5http://barcelonaapi.marcpous.com/
the resources use the UTM standard to locate the re-
sources, which after transforming it to the Latitude-
Longitude standard, returns values with a low preci-
sion (with an average error of 500m). In order to im-
prove the exactitude, we queried Google Maps (over
2500 queries, one per station) improving the informa-
tion obtained from the UTM.
After processing the different formats of geoposi-
tion and data structures we created a complete REST
API. The API receives HTTP GET requests and uses
JSON and XML to encapsulate the replies with the
Barcelona’s mobility information. From now, it is
possible to search for information of every station, get
the geoposition of the routes between stations, trans-
portation lines and the time expected for the next bus
in a bus station, amongst other.
4.3 Dealing with Poor GPS Signals
Given the precision of the GPS signals obtained from
the users devices, it seems difficult that a mobile de-
vice will provide us with the accurate exact position
that is saved in the reference repository, becoming
therefore an obstacle the association of certain GPS
location to an specific mobility resource. The most
straightforward solution is to construct a simple Eu-
clidean Distance Filter that given a certain GPS po-
sition and a tolerance level (which determines the ra-
dius of acceptability of distance to the mobility re-
source), it will return the specific station (or edge) as-
sociated. This initial solution seems to work fine for
the overground transports, but obtaining poor perfor-
mance in underground transportation, given the lack
of precision of the GPS signal.
Our initial test have proven that despite obtaining
a significant reduced number of GPS positions when
using underground transportation, some positions are
obtained. Moreover, we do not only have to deal with
the reduced amount of positions, but also with prob-
lems in the precision of the data obtained (e.g. when
being in a certain subway station, the GPS system will
return a GPS position that is 50m. away from that po-
sition). In order to solve this problem we propose a
semi-supervised learning approach, using a Case-base
Reasoning (CBR) technique.
Initially, a knowledge base needs to be gathered,
by transiting the whole network, attaching tags with
the real semantic location (e.g. Metro Station: Diag-
onal, Bus Station: 574, or Edge: Diagonal - Verda-
guer) to every GPS position sent. This knowledge
base will allow the training of the intelligent system,
that will later associate any received GPS position to
the most similar case obtained from the knowledge
base.
Figure 2: An example of the data captured by our frame-
work against the real transportation line.
Figure 2 shows the problems detected during the
collection of underground GPS data from the com-
muters. The red icons in the map are the position
provided by the client application to the server and
the red lines are the connections between two consec-
utive geolocations. These positions belong to a user
that was travelling in the metro line specified with the
blue line. We can easily notice how divergent are the
acquired data from that of the real user location. With
the usage of the adequately trained CBR algorithm,
our framework will be able to associate the captured
GPS positions to the stations or edges associated to
each of them.
4.4 Detecting the Transportation Mode
Strictly related with the previous problem, we will
need to identify the type of transportation that the
user is using, to infer its real location in the network.
Given the different rates of information arrival from
the client application depending on the transport used
(low rates in subway and higher rates in overground),
we propose a simple rule-based classifier, that will in-
telligently categorize the transportation mode of a cer-
tain user from a subset of its provided positions. One
rule example generated by this classifier would be:
IF(Samples with GPS Position > 70 %)
THEN Bus
5 State of the Art
Up to our knowledge the architecture proposed is
an innovative contribution in the field of pro-active
sensing for public transportation systems.
One interesting and ambitious project is the FP7
European Project “Instant Mobility” which worries
about multimodel public transportation easing the ur-
ban transportation. However, our approach is innova-
tive with respect to that project as we profit from the
avaialbility of 3G connection in the Barcelona metro
system to allow users to send approximate positions
in real time. As we have explained, we apply a Case-
Based Reasoning algorithm to extract the users- posi-
tion from the given approximate position.
Researchers have made efforts to determine the
usage of the public transportation networks in real
time using the information provided by the users.
In (Zhou et al., 2012), the public bus transportation
routes are inferred without relaying on the informa-
tion provided by the running companies but on a par-
ticipatory sensing approach. Their approach is in-
novative as they do not access the GPS position of
each of the users providing information, but the cen-
tral systems access the Celltower ID in which users
are connected. That way, users waiting at the bus-
stop can obtain a realistic measure of the estimated
awaiting time, rather than an approximate offline cal-
culated time. Moreover, the system also detects the
type of transportation the user is using (distinguish-
ing amongst bus and rapid-train) by analyzing audio-
signals of ambient noise captured by travelling users.
That way, the central server can distinguish (because
of the shape of the signal produced) amongst these
different types of transportation modes. Authors have
found a clever work-around for avoiding the usage
of the GPS-based localization, although introduc-
ing a number of constraints that results in a more-
than-needed complex solution. Using more accessi-
ble resources such as the GPS and the accelerome-
ter present in most SmartPhones, others (Reddy et al.,
2010) have built classifiers (based on Continous Hid-
den Markov Model) to distinguish different trans-
portation modes (still, walk, run, bike or motor).
Some researchers (Thiagarajan et al., 2010) have
similar interest to ours and have provided a com-
plete framework for constructing a cooperative tran-
sit tracking tool. Their contributions are mainly 3 of
them: (1) accelerometer-based activity classification
to detect when a user is traveling in a vehicle, (2)
Spatio-temporal trajectory matching to determine if
the detected vehicle is a transit vehicle, and which
route. (3) Underground vehicle tracking to enable
tracking of subways in addition to buses and trains.
Unfortunately this system does no provide any type
of incentives to the user to participate and continue
using their application for providing information into
the tracker, compromising the success of the crowd-
sourcing data provision from users.
The work developed in (Froehlich et al., 2009) is
interesting as they partially analize a subset of the
information that our long-term research plan covers.
The research performed analyzes the mobility pat-
terns of a shared bicycling system, detecting different
clusters of activity in the city. These types of con-
tributions could provide better prediction models of
human-urban behaviour allowing for a more efficient
transportation system.
6 Conclusions and Future Work
Our contribution proposes a gamificated cooper-
ative methodology for tracking urban mobility foot-
prints, contrasting with traditional survey methods, to
improve the understanding of commuters behaviour
and public transportation mobility dynamics.
In the designed system, commuters run an appli-
cation with a competitive game while they are anony-
mously sending their real-time location, allowing us
to know the state of the network and the weak points.
On the other side the application would report real-
time incidences to the users and would recommend
alternative routes to arrive to their usual destination
(in case the system have historical data of user’s des-
tination). Nowadays, use the concept of gamification
for capturing collective data from the crowd is one of
the most popular techniques. Rather than install and
maintain an official tracking devices in each vehicle,
doors and stations, commuters’ mobile devices seems
to be the most effective solution for public transporta-
tion cooperative tracking in real-time. Collecting this
information, we would be able to infer urban mobility
flows such as real-time morning traffic jams monitor-
ing the buses with commuters playing on them, the
peak usage of the metro network, among others. An-
other possible scenario where out framework could
result useful is where incidence in the metro is de-
tected (a train stopped between two stations), alerting
the Barcelona’s public transportation agency and the
awaiting commuters.
At the moment we only focus on capturing the in-
formation from the commuters and we are aware that
we will be gathering only a subset of potential com-
muters to play our game. Given the openness of the
system, and the nature of any crowdsourced applica-
tion, it is hard at the moment for us to evaluate which
is the validity of our sample. This issue remains as an
open problem to be solved in the future.
All along this paper we have shown how we have
built a crowdsourced sensing platform that would al-
low public transportation users to individually pro-
vide information about their usage of the network to
a centralized public repository. Amongst all the po-
tential that acquiring this data has, we are focused
on improving the traveller experience when facing ir-
regularities in the transportation network. Our sens-
ing platform will be able to detect in real-time the
anomalous behaviour of the transportation network,
such as incidents or congestion, and preemptively ad-
vice travellers that might result affected by it. This
advice can only be given to the users by integrating
the bidirectional communication capabilities of the
platform, allowing not only the information to flow
from the client to the server, but also from the server
(which has a complete picture of the system and its
actual state) to the users. Moreover, the server will
be given with an intelligent multi-modal transporta-
tion recommender engine which will calculate per-
sonalized routes for users in order to optimize his
commuting journey depending on the real-time sta-
tus of the public transportation network. As an ambi-
tious scientific challenge, it will be interesting to de-
velop a behavioural model of commuters that could
be integrated with the discoveries provided by other
researches about the mobility pattern knowledge of
humans, resulting in a predictive system. This in-
formation would be highly valuable to understand
the overall behaviour of such complex system, spe-
cially when facing special events that might produce
an overload of the network. Finally, and given the po-
tential of adaptation of the proposed architecture to
any city, we are planning a large-scale analysis that
compares behavioral mobility patterns across differ-
ent cities around the world. Our aim is that some
of the results would have implications for the public
transportation systems and commuters in every city
that the crowdsourcing commuting game would be
implemented.
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